among Chinese patients with breast cancer. Methods: An ongoing prospective cohort study involving 1,462 Chinese women with early-stage breast cancer assessed exercise, diet, and body mass index (BMI) at baseline and at 18-months follow-up after diagnosis. Each assessment recorded patient habits within the previous 12 months. HRQoL was evaluated by the EORTC Quality of Life Questionnaire-Core 30 (EORTC QLQ-C30). We first compared the level of adherence to WCRF/AICR recommendations before and after cancer diagnosis. We then examined whether adherence to these recommendations after diagnosis was associated with HRQoL at 18 months. Results: The mean adherence score significantly increased from baseline (3.2; SD, 1.1) to 18-month follow-up (3.9; SD, 1.1; P<.001). Overall, increasing adherence to the WCRF/AICR guideline was associated with higher scores of global health status/quality of life (QoL; P trend =.011), physical (P trend <.001) and role functioning (P trend =.024), and lower scores for fatigue (P trend =.016), nausea and vomiting (P trend <.001), pain (P trend =.004), dyspnea (P trend =.030), loss of appetite (P trend =.007), and diarrhea (P trend =.020). Patients with cancer who met the BMI recommendation had higher scores for physical functioning (P=.001) and lower scores for fatigue (P=.024), pain (P<.001), and dyspnea (P=.045). Adherence to physical activity recommendation was associated with better scores of global health status/QoL (P<.001), physical functioning (P=.003), fatigue (P=.002), pain (P=.018), and dyspnea (P=.021). Higher adherence to diet recommendation was associated with lower scores of nausea and vomiting (P trend =.005), loss of appetite (P trend =.026), constipation (P trend =.040), and diarrhea (P trend =.031). Conclusions: Chinese patients with breast cancer made positive lifestyle changes early after cancer diagnosis. Increased adherence to WCRF/AICR recommendations after cancer diagnosis may improve HRQoL. Our data suggest that Chinese patients with breast cancer should follow the WCRF/AICR guideline to improve overall well-being.
In Hong Kong, breast cancer is the most common malignancy and the third leading cause of cancer-related mortality among women. 1 The age-standardized incidence rate was 56.7 per 100,000 people in 2011-2015, and it is estimated that the number will increase to 62.5 per 100,000 people in 2021-2025. 2 On the contrary, from 1976-2010, the age-standardized mortality rate decreased on an average of 0.02% annually. 2 The combination of increasing breast cancer incidence and improved outcomes has resulted in an expanding population of breast cancer survivors. Both the cancer diagnosis itself and the treatment-related side effects could influence patients' health-related quality of life (HRQoL). [3] [4] [5] Improving HRQoL has been an important goal for the long-term management of breast cancer survivors.
There has been a considerable interest in whether lifestyle factors have an impact on HRQoL among breast cancer survivors. Epidemiologic studies have found that lifestyle factors, including maintaining normal body weight, being physically active, and eating a healthy diet, are individually associated with better HRQoL among breast cancer survivors. [6] [7] [8] A cancer diagnosis has been considered as a "teachable moment," wherein survivors are likely to make lifestyle changes to promote better health outcomes. 9 However, studies in the United States and Australia have revealed that few patients actually make these changes, and most patients do not adhere to the physical activity or diet recommendations. [10] [11] [12] [13] To date, limited data have compared the changes before and after diagnosis among Chinese patients with breast cancer.
In 2007, the World Cancer Research Fund/ American Institute for Cancer Research (WCRF/ AICR) issued 8 recommendations regarding diet and physical activity to reduce the risk of cancer, and encouraged cancer survivors to follow those recommendations as well.
14 Several prospective cohort studies have suggested that increased adherence to the WCRF/AICR recommendations could reduce breast cancer risk. [15] [16] [17] [18] [19] However, only a few cohort studies have explored whether higher adherence to WCRF/AICR guidelines improves HRQoL or breast cancer outcome. The Iowa Women's Health Study (IWHS) reported that increased adherence to WCRF/AICR recommendations was associated with better HRQoL and lower all-cause mortality. 20, 21 Our study hypothesized that patients with breast cancer would increase adherence to lifestyle recommendations after cancer diagnosis, and that adherence to a greater number of lifestyle recommendations would be associated with better HRQoL. We first compared the level of adherence to WCRF/ AICR recommendations before and after breast cancer diagnosis. We then examined whether adherence to lifestyle behavior recommendations after diagnosis was associated with HRQoL among Chinese patients with breast cancer.
Methods

Study Cohort
The Hong Kong NTEC-KWC Breast Cancer Survival Study (HKNKBCSS) is a prospective cohort study designed to investigate the associations between phytoestrogens and other dietary and lifestyle factors and cancer recurrence and mortality. Participants were recruited from 2 regional cancer centers in Hong Kong. Eligible patients had histologically confirmed breast cancer (AJCC stage 0-III), were female, were diagnosed no more than 12 month before study entry, and did not have a prior history of breast or other cancers. The study was approved by the Joint CUHK-NTEC (the Chinese University of Hong Kong-New Territories East Cluster) Clinical Research Ethics Committee of the Chinese University of Hong Kong and the KWC Research Ethics Committee of the Hong Kong Hospital Authority.
Between January 2011 and February 2014, 2,890 Chinese patients with breast cancer were screened. Among 2,096 eligible subjects, 1,462 provided written informed consent and participated in the study (response rate, 70.0%). Among the remaining cases, 513 (24.3%) refused to participate, 18 (0.8%) could not be contacted, 10 (0.5%) refused treatment for breast cancer, and 93 (4.4%) were excluded for anticipated logistical or potential compliance reasons.
According to the study protocol, the consented patients were interviewed at baseline, 18 months, 36 months, and 60 months after breast cancer diagnosis. The same questionnaire was distributed at baseline and subsequent interviews. Clinical information on disease progression and survival status was collected during follow-up. As of March 2016, the 18-month follow-up interview had been completed and included 1,310 of the 1,462 patients enrolled (follow-up rate, 89.6%). The 36-and 60-month interviews have not been conducted as yet.
This study included patients who had completed the baseline and 18-month follow-up assessment. Participants who did not have their weight and height measured (n=3), did not complete the questionnaire for HRQoL (n=3), or reported implausible dietary intake (ie, energy intake estimates <500 or >4,000 kcal/d; n=4) were excluded, resulting in 1,300 patients for analysis.
Data Collection
Trained interviewers conducted face-to-face interviews. Participants were asked about their habitual dietary intake and physical activity for specific periods: the preceding 12 months before cancer diagnosis at baseline assessment, and the preceding 12 months at the 18-month follow-up assessment after cancer diagnosis.
Information on dietary intake was collected using validated and interviewer-administered food frequency questionnaires, 22 which consisted of 109 food items. Participants were asked to report their usual frequency of consumption and the average amount of food intake each time. The average daily intake of nutrients and total energy were calculated according to the China Food Composition Table. 23 Physical activity was measured by a validated modified Chinese Baecke Questionnaire. 24 Subjects who performed sports or exercise were asked to specify the activities (up to 2 self-reported sport activities), categorically, and number of hours per week and months of the year they performed the activity. 24 Hospital medical records were reviewed to obtain clinical information, including tumor histology, AJCC stage, 25 estrogen receptor (ER) and progesterone receptor (PR) statuses, HER2 status, and treatment information (eg, mastectomy or breastconserving surgery, chemotherapy, radiation therapy, hormone therapy such as tamoxifen and aromatase inhibitors, and anti-HER2 therapy).
At baseline and 18-month follow-up, the selfreported total comorbidity counts included diabetes, hypertension, hyperlipidemia, chronic liver disease, and chronic kidney disease. Anthropometric measurements included body weight, height, and waist and hip circumferences, which were measured according to standard protocols.
Operationalization of the WCRF/AICR Recommendations
The WCRF/AICR has published 8 broad recommendations for cancer prevention. 14 We operationalized the following 6 recommendations for constructing the adherence score: (1) body fat, 26 (2) physical activity, 27 (3) food and drink that promote weight gain, 14 ,28 (4) plant-derived foods, (5) animal-source foods, and (6) alcohol. 14 The recommendation on preservation, processing, and preparation of foods was not included because of insufficient data. The recommendation to meet nutritional needs through diet alone was excluded because we were unable to ascertain the reasons for supplement use, such as nutrient repletion or general health promotion. The scoring criteria are summarized in Table 1 . We calculated the scores of metabolic equivalent task (MET) hours per week by multiplying the activity's corresponding MET value by the time (hours per week) engaged in the activity. 27 We then summed the scores of MET hours per week of each activity to calculate the total scores. The energy density cutoff was based on a public health goal included in the WCRF/AICR recommendation that the average energy density of diets should be lower than 125 kcal per 100 g. 14 Average energy density was calculated as energy (kcal) from foods (solid foods, semisolid foods, and liquid foods such as soups) divided by the weight (gram) of those foods. 28 The score assigned to each component was 1 when the recommendation was met. The third, fourth, and fifth guidelines included 2 subrecommendations, and the final component score was the average of the 2 subrecommendation scores. Scores for the 6 recommendations (1 for body mass index [BMI], 1 for physical activity, and 4 for dietary intake) were summed as the WCRF/AICR recommendation adherence score (range, 0-6). We further separated the adherence score into 3 components of the WCRF/AICR guideline: BMI (0-1), physical activity (0-1), and diet (0-4). The scores for adherence to the recommendations were calculated using data collected at baseline and 18-months follow-up.
HRQoL Measurement
Quality of life (QoL) of the patients was measured using a validated Chinese version of the EORTC QoL Questionnaire-Core 30 (EORTC QLQ-C30), version 3.0. 29 The QLQ-C30 was designed to assess a range of cancer-specific HRQoL issues relevant to a broad spectrum of patients with cancer. 30 The QLQ-C30 included a global health and QoL domain, 5 functional domains (physical, role, emotional, cognitive, and social), 3 symptom domains (fatigue, nausea and vomiting, and pain) and 6 single items (dyspnea, insomnia, loss of appetite, constipation, diarrhea, and financial impact). Raw scores were transformed into standard scores ranging from 0 to 100. 31 High scores on the global and functioning scales indicated good HRQoL, whereas high scores on the symptom scales and items represented a high level of symptoms and/or problems.
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Statistical Analyses
Paired Wilcoxon rank test was used to compare the percentage of patients with breast cancer who met each WCRF/AICR recommendation between baseline and 18-month follow-up assessment. Paired t-test was performed to compare the overall recommendation adherence score before and after diagnosis. Patients were categorized into 3 groups according to the tertiles of recommendation adherence score. Characteristics of participants were compared among 3 groups through analysis of variance for continuous data and chi-square test for categorical data. To investigate the association between recommendation adherence score and HRQoL, generalized linear models were used to compare the least-square means by tertiles of adherence score (T1, T2, and T3) and continuous adherence score (eTable 1, available with this article at JNCCN.org). In the multivariate models, we adjusted for breast cancer stage at presentation, as well as age, education level, marital status, The score for recommendations 3, 4, and 5 was the result of averaging the scores of each subrecommendation. b Energy density was calculated as energy (kcal) from foods (solid foods, semisolid foods, and liquid foods such as soups) divided by the weight (gram) of those foods (kcal per 100 g).
total number of comorbidities, smoking status, current hormonal therapy, energy intake at 18-month follow-up, and menopausal status. Additionally, HRQoL was examined in relation to each of the 3 components of adherence score (BMI, physical activity, and diet) (supplemental eTable 2). To evaluate the association of any component with HRQoL beyond the influence from the other 2, we further adjusted the other components in each analysis. Statistical analysis was performed using R software (R version 3.3.2 for Windows; R Foundation for Statistical Computing, Vienna, Austria) and the differences were considered to be significant at P<.05.
Results
Patient Characteristics
A total of 1,300 patients with breast cancer were included. The baseline demographic and clinical characteristics are provided in Table 2 . The mean age at the time of 18-month follow-up was 53.7 years; Table 3 shows the proportion of participants who met each recommendation or subrecommendation at baseline and at 18-month follow-up. The proportion of patients who had normal BMI (18.5-22.9 kg/m 2 ) before and after cancer diagnosis was almost the same, at approximately 45%; 68 patients (5.2%) had BMI <18.5 kg/m 2 , and only 7 patients had comorbidities. The proportion of women who met the WCRF/AICR recommendations for physical activity (≥10 MET-hours/week) was very low: only 21.4% met the criteria at prediagnosis, increasing to 33.8% postdiagnosis. However, the proportion of patients who met the recommendations regarding alcohol was very high at both assessments: 98.5% at baseline and 100% at 18-month follow-up. For other dietary components, the proportions of patients who met the recommendation were all increased after diagnosis, ranging from 37.5% to 67.2% at baseline to 40.2% to 85.4% at 18-month follow-up.
Paired Wilcoxon rank test showed that, except for recommendations regarding BMI and intake of whole grain and/or legumes, the proportion of patients who met the other recommendations or subrecommendations significantly increased at 18-month follow-up (all P<.001; Table 3 ). Before cancer diagnosis, the mean recommendation adherence score was 3.2 (SD, 1.1) in the whole cohort, and 64.2% of the patients had a higher adherence score after diagnosis. At 18-month follow-up, the mean recommendation adherence score significantly increased to 3.9 (SD, 1.1; P<.001).
We compared patient characteristics by the tertiles of adherence score (T1, T2, and T3) at 18-month follow-up. Patients who received higher adherence scores were older, had fewer comorbidities, had less energy intake (kcal/d), and showed lower prevalence of current smoking ( Table 2) .
Association of Recommendation Adherence Score With HRQoL at Follow-Up
The score for HRQoL items ranged from 0 to 100, and a high score for the global health status/QoL or functional domains represented a high QoL or high level of functioning. Increasing adherence to the recommendations (as evaluated by tertile) was associated with significantly higher global health and QoL score ( 
Association of Individual Recommendation Component Score at Follow-Up With HRQoL
We also examined the associations between HRQoL and 3 recommendation components (BMI, physical activity, and diet). After adjusting for clinical and demographic factors, physical activity level, and adherence to dietary recommendations, patients with cancer who were within the normal BMI range had higher scores for physical functioning (Table 5 ; P=.001) and lower scores for fatigue (P=.024), pain (P<.001), and dyspnea (P=.045). To evaluate the relationship between physical activity level and HRQoL, we included clinical and demographic factors, BMI, and adherence to dietary recommendations in the adjustment. Patients who adhered to the physical activity recommendations had significantly higher scores for global health status and QoL (P<.001) and physical functioning (P=.003), and lower scores for fatigue (P=.002), pain (P=.018), and dyspnea (P=.021) compared with patients who were nonadherent.
For analysis regarding diet, patients were categorized into 3 groups by the tertiles of dietary recommendations adherence score at 18-month follow-up. Apart from clinical and demographic factors, BMI and physical activity scores were also adjusted in this analysis. Those who had higher scores for dietary recommendations showed lower scores for symptoms, including nausea and vomiting (P trend =.005), loss of appetite (P trend =.026), constipation (P trend =.040), and diarrhea (P trend =.031).
Discussion
This is the first study to measure adherence to the WCRF/AICR guidelines before and after cancer diagnosis among Chinese patients with breast cancer. Our results indicated that patients tended to make positive changes for a healthier lifestyle after cancer diagnosis. We also examined the association between adherence to WCRF/AICR guidelines after cancer diagnosis and HRQoL, and found that higher adherence to WCRF/AICR recommendations after cancer diagnosis was associated with higher scores of global health status/QoL, physical and role functioning, and a series of improved symptoms. Among the 3 components of the WCRF/AICR guideline (BMI, physical activity, and diet), we found that adherence to the physical activity recommendations was associated with better global health status and QoL, better physical functioning, and lower scores for fatigue, pain, and dyspnea. Adherence to the BMI recommendation also resulted in better physical functioning and lower scores for fatigue, pain, and dyspnea. Adherence to dietary recommendations was associated with lower scores for nausea and vomiting, loss of appetite, constipation, and diarrhea. Further, the significant associations between adherence to WCRF/AICR guidelines and HRQoL were also seen in sensitivity analysis (data not shown). Many studies have shown that patients with breast cancer attempt to modify their lifestyles after cancer diagnosis. [32] [33] [34] [35] [36] [37] Behavioral changes typically included increased intake of fruit and vegetables, decreased meat intake, reduced smoking and alcohol consumption, and increased physical activity. [32] [33] [34] [35] [36] [37] Findings of those studies indicated that patients are willing and able to initiate positive changes. Our results further demonstrated that Chinese patients with breast cancer made significant changes in dietary intake and physical activity early after diagnosis, and suggested that "early after diagnosis" was an important period for patients to adopt healthy lifestyle habits. However, it may be possible that the patients willing to participate in this cohort were those who cared more about lifestyle behaviors, and therefore were more likely to change their lifestyles than the general breast cancer population.
Our finding of the association between higher adherence to WCRF/AICR guidelines and better HRQoL was consistent with the results of 2 previous studies. 12, 20 The American Cancer Society's (ACS) Study of Cancer Survivors-II examined the association between adherence to ACS recommendations for lifestyle behavior (physical activity, fruit and vegetable consumption, and smoking) and HRQoL among 6 groups of cancer survivors. Results indicated that patients who adhered to a greater number of recommendations had better overall HRQoL. 12 The IWHS reported that elderly female cancer survivors (age ≥65 years) who adhered to an increasing number of WCRF/AICR recommendations had higher physical and mental summary scores. 20 However, these studies mainly included long-term cancer survivors, with approximately two-thirds of the participants diagnosed >5 years prior to the study. On the other hand, a Korean cross-sectional study that assessed 160 patients who were between 6 months and >5 years from initial breast cancer diagnosis found that higher adherence to ACS recommendations was associated with better social functioning, whereas higher adherence to WCRF/AICR recommendations was associated with more serious arm symptoms (pain in arm or shoulder, arm or hand swollen and difficult to raise or move arm sideways). 38 In contrast, the present study assessed patients relatively early, with a median follow-up time from cancer diagnosis of 18 months. At the time of writing, patients just finished intense anticancer therapy, such as surgery, radiotherapy, and/or chemotherapy, which is a critical period for adopting lifestyle changes. This is supported by similar cohort studies that also assessed updates in lifestyle factors at 18 months after cancer diagnosis, including the Shanghai Breast Cancer Survival Study 39 and the DietCompLyf study. 40 Our study is the first to investigate the association between BMI and HRQoL among Chinese patients with breast cancer. We found that patients who adhered to the BMI recommendation had better physical functioning. Such association was in line with the results of previous studies, which demonstrated that greater BMI (≥25 kg/m 2) was associated with poorer physical QoL. 13, 41, 42 A systematic review of randomized trials among patients after primary treatment for breast cancer suggested that physical activity has positive effects on physical functions and QoL. 43 Physical activity has been suggested to improve physical function through improving cardiovascular function. 44 Another meta-analysis that included 25 exercise intervention trials concluded that exercise interventions significantly improved overall QoL in breast cancer survivors. 45 Additionally, a systematic review found that aerobic exercise during or after adjuvant cancer therapy could significantly reduce fatigue in patients with breast cancer. 46 Together, this evidence supported our finding that patients with breast cancer who had been physically active showed better scores for global health status/ QoL, physical functioning, and fatigue. Furthermore, a few intervention studies have shown that dietary modifications in addition to exercise interventions could induce weight loss and improve QoL in patients with breast cancer. [47] [48] [49] [50] This study measured both prediagnosis and postdiagnosis lifestyle behaviors to examine changes across a specific period. Additionally, we comprehensively recorded the demographic and clinical characteristics of our participants and adjusted those potential confounders during the analysis. Despite the study's strength, some limitations must be considered. First, our finding may not be generalized to all Chinese patients with breast cancer. Because Hong Kong is a relatively more Westernized and urbanized city in China, its population may have different lifestyle behaviors compared with populations in different localities. Second, the median followup time from diagnosis was relatively short. It will be important to prospectively follow these participants and determine if adherence perseveres. InoueChoi et al 21 reported that higher adherence to the WCRF/AICR guidelines was associated with lower all-cause mortality among elderly female cancer survivors (aged ≥65 years). Prospective follow-up of the current cohort may allow us to determine whether this association exists among Chinese breast cancer survivors.
Third, although patients with breast cancer at 18-month follow-up had completed surgery, radiotherapy, and/or chemotherapy, the possible longterm influence of these treatments and the ongoing influence of endocrine therapy on HRQoL have not been assessed. Fourth, we acknowledge the potential recall bias of the impact of a breast cancer diagnosis on patients' report of recent lifestyle and behavior changes. A better design may be to include appropriate comparison groups for investigating the impact of breast cancer diagnosis on a change in behavior. In addition, because the study design about the association between adherence to WCRF/AICR recommendation and HRQoL was similar to the study by Inoue-Choi et al, 20 potential bias similar to the latter study should be considered.
Lastly, our scoring methods to estimate the overall adherence to WCRF/AICR recommendations were based on a set of cutoff values adopted for this study, and this could have introduced potential differences in results compared with other studies using different scoring systems. For instance, although the IWHS used daily dietary fiber intake to construct the adherence score, 20 the crosssectional study from South Korea used the tertiles of the whole population to construct the adherence score. 38 
Conclusions
Results of our study showed that Chinese patients with breast cancer made positive lifestyle changes after their cancer diagnosis and increased their adherence to WCRF/AICR guidelines. Moreover, higher adherence to WCRF/AICR recommendations among Chinese patients was associated with better global health status/QoL and physical and role functioning, and less serious symptoms. Our results provide evidence of the beneficial outcomes for patients with breast cancer adhering to the WCRF/AICR prevention guideline. Prospective follow-up data could confirm whether adherence to WCRF/AICR recommendations remains a long-term practice and whether this has an impact on cancer mortality.
